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TORSION AND BUCKLING OP OPEN SECTIONS* 
By Herbert Wagner 



Open section members are made of rolled or drawn sheet 
metal and do not, like the closed or tubular sections, en- 
close any area. Open sections are applied a great deal in 
metal constructions because they can so easily be joined 
to one another or to other plates; in addition, they are 
accessible at all positions And so lend, themselves to easy 
maintenance and repair. 

In contrast to closed sections, however, open sections 
possess very small torsional rigidity. Thus it is known 
that the torsional rigidity of an open member whose cross 
section is not prevented from warping, is only as great as 
that of the flat metal strip from which it is made. If, 
however, warping of the section when the member is twisted 
is prevented, for example, at one end of the section (at 
least for a relatively short member), then longitudinal 
stresses arise which offer a considerable resistance to 
torsion. The computations of this effect of the longitu- 
dinal stresses on the torsional rigidity have already been 
carried out for certain types of sections, especially I 
beams.** In this paper we shall discuss the general prin- 
ciples for open sections of any shape. 



*" Ve^dyehung und Knickung von offenen Profilen." From 
the 3§t& Anniversary Number of the Technische Hochschule, 
Danzig 1904-1929, pp. 329-343. This work appears m some- 
what more extended form in the Zeitschrift fur Plugtechnik 
und Wotorluf t schif f ahrt , where also are given the results 
of tests conducted by the aviation branch of the Danzig 
Technical High School. n 

**The work of C. Weber, Zeitschrift fur aiigewandte Mathe- 
matik und Mechanik, 1926, on the same subject, came to my 
attention after I had completed my paper. With respect to 
the fundamental assumptions, the work of C. Weber agrees 
with mine except that in my work the effect of the varia- 
tion m the longitudinal stresses is more accurately taken 
into account. (Part CtNi n , equation 6b f m equation 

6.) The work of H, Reissner, Zeitschrift fur Plugtechnik 
und Motorluf t schif fahrt , 1925, p. 384 (reference l) , in 
which the bending accompanying torsion is treated for closed 
sections, particularly box-shaped sections, should also be 
mentioned. 
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Open sections are usually so designed that they ars 
not subject to any torsional stresses* But even where th^y 
are applied as compression members, such sections often 
give way by twisting or tilting long before the Eulenan 
buckling load or the yield point is reached^ Particularly 
do the compression members used m airplane structures 
whose ratio of load to length of member (reference 2) is 
in general small and which are therefore made with very 
thin walls, have a tendency to twist. In what follows 
this torsion will be computed and on the basis of the re- 
sults obtained it will be possible to obtain a proper de- 
sign of section in each case * 

The torsion of buckling members for the case where 
they are centrally loaded, leads to a problem m pure sta- 
bility and is similar to that of the bending of stressed 
beams . 

PURE TORSION 
Notation 

E, G, modulus of elasticity (kg/cm 2 ) 

x, coordinate in direction of axis" of member (cm). 

cp, ^angle of twist of member. 

M , external torsional moment (kg cm) . 

G J T , torsional rigidity of section when warping of sec- 
tion is not prevented (kg cm 2 ). 

Mrp , torsional moment due to torsional rigidity of sec- 
t ion (kg cm) . 

t t , torsional stress corresponding to torsional rigidity 
(shearing stress) (kg/ cm 2 ). 

C^bd' resistance to combined bending and twisting of sec- 
tion (cn 6 ) . 



*For centrally loaded angles, this- twisting has already 
been investigated by P. Bryan. See, for example, Rudolf 
Mayer (reference 3). 
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jl-bit torsio alnmoment of cross section duo to combined 
bending and twisting (kg cm). 

c bd* ^bd' T bd* longitudinal strain, longitudinal stress, 
and shearing stress due to combined bending and 
twist ing. 

The remaining notatioh is indicated on the diagrams* 

If a member, the warping of whose cross section is 
not prevented, is twisted, there arise in the cross sec- 
tion shear stresses Tj> which may be computed with the 

aid of the usual torsion theory for every shape of cross 
section. The twisting moment due to these shear stresses 
is of magnitude = <p ! G- Jrp where cp* ~ dep/dx and is 

m this case equal to tne external twisting moment M. It 
is assumed here that the shape of cross section of the mem- 
ber and the twisting moment M and therefore also the an- 
gle of twist per unit length qp f is constant along the 
length of the member. In this case there arise no longi- 
tudinal stresses m the member, Furthermore, no shear 
stresses occur in the surface that is midway between the 
two outer surfaces of the open section ("middle surface") 
and also m the planes lying at right angles to this sur- 
face (the "normal planes") .* (See fig. !•) Sections, 
the strength of whose walls compared to the developed 
length of the cross section, is so small that the following 
statements on the cro ss- sect lonal twisting and the distri- 
bution of the longitudinal stresses apply with sufficient 
accuracy, we define as "open sections." 

The coordinate u (peripheral coordinate) measured 
along the middle surface of the section and the coordinate 
n, measured m the normal planes, give the distance of a 
point to the middle surface. We denote by S the shear 
center of the cross section (reference 4) and the straight 
line which is the locus of the shear centers we shall call 
the " shear axis. 11 



The shear stresses at the ends of the section in the nor- 
mal planes are confined to a small region for thm-walled 
section, their effect on our considerations is slight also 
for the reason that the variation m the longitudinal 
stresses cr-^ due to the bending accompanying the torsion 

m the direction of these planes (n direction) is only of 
secondary importance. ( c bdn ls sma11 compared to C-^^; 
see equation 6b.) 
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We now consider a cross section normal to tlie shear 
axis. As a result of the cros s~ sect ional warping, the 
points of this cross section move out of the plane "by the 
amount £ when twisted. The longitudinal fibers which 
were straight before the torsion was applied, assume during 
the torsion the form of helices whose axis is the shear 
axis. We project two neighboring longitudinal fibers ly- 
ing m the middle surface onto a plane which is parallel 
to the shear axis and normal to the line r joining the 
shear axis with the fibers. The projection of these fi- 
bers forms with the projection of the shear axis the angle 
rep 1 (fig. l) . The two points of the fibers which were 
originally in the middle surface are now removed from it 

by amounts f and £ + du t respectively. Since there 

is no shearing stress in the strip of surface lying between 
the two fibers, we have 

= sin a r q) 1 = r u ,cp' 

so that the displacement | u of any point in the middle 
surface is of the amount 

u 

ta = 9 l / r u du 

This displacement also varies along the normal to the 
surface n. It may be shown in a similar manner that 

M - 
an 

t^lv+trrV* (/ r u du + / r n dn ) = & (*u +w n> = w M 



= r n cp 1 , so that at any position u, n 



where w denotes the unit increase m the warping, that 
is, for cp 1 - 1, w u and w n are the two components of 

w whose meaning and magnitude are clear from the equation* 
Since the distance r n of the normal surface from the 

shear axis m the second integral is a constant, w n = 



r n n, 



We are still free to determine the lower limit of the 
first integral, i.e., the longitudinal displacements may 
still vary by a constant amount. This lower limit we 
shall now choose so as to make the mean longitudinal dis- 
placement of the section equal to zero, that is, 
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I* IP 

/ |d? = 0 or / v dJ = 0 (la) 

Since, as is easily seen, the mean value of w n is 

equal to zero, we have 

F U 

/ w u dP = / w u s du = 0 (lb) 
o 

where U denotes the developed length of the cross section. 
COMBINED BENDING AND TORSION 



If the unit angle of twist cp f is not constant so 
that the torsional moment along the length of the section 
is variable, and if the longitudinal displacement of the 
section is prevented (for example, at one end) , then, m 
addition to the pure shear stresses Tip , we also have 
longitudinal stresses cr^ and torsional stresses 
due to the combined bending and torsion. 

We consider again (fig. 2) the two neighboring longi- 
tudinal fibers of the middle surface. The strip now ap- 
pears bent m the projection and the amount of bending is 
rep" As a result of this bending, one fiber of the strip 
must stretch more than the other (similarly to the longi- 
tudinal fibers of a bent beam), the difference m the 
strain*) amounting to & €, bd = rc P H iu sin a » 80 til at 

3o bd 

= EcpJ 1 r u . The longitudinal stress in the middle sur- 
face is therefore 

u 

°bdu = ^ f r u du 
The lower limit of the integral we shall later determine. 

The stress also varies in the normal direction 

n We obtain similarly 



*This equation is valid only when variation m the shear- 
ing stresses T td m the ^-direction due to dcr^/Sx 

(see equation 6a) may be neglected, that is, for members 
that are not too short, see also following footnote .and 
references . 
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= EqpM rn ' s0 that abdn = EqFf! rnl1 

Here o^aa denotes the longitudinal stress at the position 

of the normal plane of any section in addition to the mean 
longitudinal stress which (on account of the linear varia- 
tion of cr-bdri) is equal to the longitudinal stress G^du 
in the middle surface at this position u. We thus obtain 
for the total longitudinal stress 

u 

a bd = a bdu + a bdn = EC P W ( / r u du + r n n ) ^ 

Since there is no longitudinal force acting on the 
sect ion 

/ <J M dF = 0 (2a) 

Comparing equation (2) with equation- (l) and (la), We 
see that (2b) 

<*bd = C»ix + w n> = w (21>) 

The longitudinal stresses should not give a re- 

sulting bending moment (since there is no such moment act- 
ing on the member) • It nay easily be shown that this con- 
dition may b*e satisfied if and only if the magnitudes r u 

and r^ refer to^the shear center, that is, when the sec- 
tion twists about the shear axis, also m the case whore 
longitudinal stresses arise* 

These longitudinal stresses arising during torsion 
set up a resistance against the torsion, whish we shall 
now compute. We consider a member of length L, the end 
of which are acted on by torsional moments M and, along 
its length, is also acted on by external moments of magiU 
dll 

tude ~ = m. The internal work of deformation is 
ax 

G J L 1 L 7 

A x = A lT + A iM = / q>< 2 dx + 2S o //°ba 8 dx d3? 

The first term on the right-hand side gives the work 
done by the shearing deformation as a result of the stress 
es t t while the second term is the work corresponding to 

the longitudinal stresses ^hd* Tlle work of deformation 
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corresponding to the shear stresses T^a which depend on 
the variation of o*^ in the x-diregtion (see below) has 
been neglected.* 

Taking account of equation (2b) , we obtain 
E L L 

Axbd / w 2 dP ./ cp» 2 dx = h C M / cp" 2 dx (3) 

c 0 « o 

where, for short, we have written C^a i& place of one 
mt egral . 

We now give the deformed condition a variation Sep, 
where Sep may vary in any manner along the length of the 
member except that we assume the botmdary conditions 

for x = 0 and x = L 6<P = 0 and Sep 1 = 0 

According to the principle of virtual velocities, 
5A X - 5A a = 0, where A a denotes the work of the exter- 
nal torsional moments, the work at the ends of the member, 
on account of conditions (4) , being zero. We thus obtain 

r L o i L L 

\ &J T / 6 (qp 1 3 ) dx+|- EC bd / 6(<p» 2 ) dx - / m fiqp dx = 0 

* o~ d o o 

Performing the variation and integrating partially 
(.taking account of equation 4) we obtain, after collecting 
terms under a common integral sign, 
L 

/ (- ajmCp" + EC bd cp* H - m) 6cp dx = 0 
o 

Since this integral must vanish for any arbitrary function 
Sep, tne differential equation for the combined torsion 
and bending reads 

E C M cpM - G J T cp/' = + m = - || (5) 

Integrating once, we obtain 

- E C M <p ,n + G Jipcp 1 = M bd + M T = M (5a) 



*'xhis corresponds to the assumption usually made m the 
bending theory that for a bent beam that is not too short, 
it is allowable to neglect the deformation due to shear in 
comparison with the deformation due to bending. 
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From this equation we see that to the longitudinal 
stresses cr^ resulting from the bending accompanying the 

torsion there corresponds an internal torsional moment of 
magnitude 

M M = - E C M* IH 
where (see equation 3) 

7 

C bd = / w a dF (6) 



^ C bd = strell S tlx in combined bending and torsion) 

Having given this purely formal derivation for C^, 
we shall next consider the torsional moment result- 
ing from the bending accompanying the torsion. Since the 
longitudinal stresses 0^4 vary in general along the re- 
direction, there must arisfe in any cross section shear 
stresses which we split up into two components* 7 \&§ 

due to variation in the mean longitudinal stress or^ iu , and 

T bdn iue to tlxe lon S ittl4inal stress <*bdn # 

In the same way as for the usual bent be mawe may see 
from the equilibrium of a strip of width du and length 
dx (see fig, 2) that, to the variable longitudinal stresS*- 
es ^4 U » there must correspond the shear stresses T *ba u t 

which m the normal planes act in the direction of the lon- 
gitudinal axis and m the cross section act in the direc- 
tion of the u axis. We have (see equations 2 and 2b) 



9CTi 



( T bdu a) = d F - w u 



dF 



At any position u, therefore, 

u 

T bdu b = Bq>«" / w u 3 du (6a) 
0 

The moment taken up~ by the shaaT stresses may now be 
computed as 

F U 
M bdu^ / T bdu r u **= * r U Au T bdu * 

0 

TJ u 
= Ecp ,u / r u du / w u 3 du 
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Sy integrating partially, taking into account equations 
(l) and (lb), we obtain 

7 

M bdu = - E * m / w u 3 dF = - Ec P'" C bdu 

The shearing stresses due to the varying °bdn ac * 
m the direction of n and vary parabolically (in the same 
manner as for the "bent beam of rectangular cross section) • 
The corresponding moment may he computed in the same manner 
as ahove and is equal to 

M bdn= " Et P' M / w n 2 dE = ~ E< P' n °bdn 

How M*b£ = ^\)diU + ^hdn and since, as it is easy to 
prove, = + C-fadn* tlie results of this considera- 

tion agree with equation (6)* We may therefore split the 
resistance due to the bending accompanying the tor- 

sion into the two parts 

r s 1 u 

G Mu = / w u 2 d * ** d °bdn = / V d? = IS" / s3 4u 

(6b) 

It should still he mentioned that the shearing 
stresses give zero for a resultant shearing force* 

Since the solution of differential equation (5) is 
also well known for this special problem, we need go no 
further into it. 

TWISTING OF COMPRESSION MEMBERS 



If a relatively thm-walled open section (for exam- 
ple, an angle) is put under compression, each leg tends to 
buckle m a direction normal to its plane (fig. 3) ♦ The 
part of the leg lying against the joining edge supports 
itself against the other leg which offers a large resist- 
ance moment against these stresses and consequently hin- 
ders the buckling of the first leg, ajid conversely. 

Two modes of buckling are possible, namely, both legs 
may buckle m the same direction so that the whole section 
twists to one side, or the legs may buckle in opposite di- 
rections, m which case there is a deformation m the 
cross section and the work of deformation is therefore much 
greater m this case. Since, where there are two possible 
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modes of buckling, the one to occur first is that at -whix^b. 
the work of deformation is smaller for the same work of 
tho external loads, the first mode of buckling will occur* 
i.e., the angle will twist aside 

We should now like to discuss the general case. Let 
an open section which was initially straight be acted on 
by a compressive and - in general - eccentric load P, 
whose line of action is parallel to the axis of the member. 
We shall denote the mean compressive stress by Op^ = p/p 

and by Op , the compressive and bending stress that va- 
ries over the cross section, assuming these simply comput- 
ed stresses as known. 

We shall assume further for our computation that the 
bending due to the eccentricity of P and the angle of 
twist qp are small in magnitude so that square terms, 
products and their derivatives may be neglected. 

We consider at any section the equilibrium of the ex- 
ternal with the internal forces. A necessary consequence 
of this consideration is that the twisting of the member 
about the shear axis must take placo. (See below.) 

Due to the twisting, longitudinal stresses are 

set up which give a resultant zero. (See equation 2a.) 
The shear stresses arising from the twisting give as a re- 
sultant a pure torsional moment of magnitude. (See equa- 
tion _5a • ) 

M bd + M T = - S C M cp»» + d J T cp r 

The stresses Cp are m the direction of the longi- 
tudinal fibers of the section so that, due both to the 
twisting and bending of the section, they are obliquely 
inclined to the direction of the original axis. We shall 
now consider more closely the horizontal components of 
these stresses. 

1. Horizontal components of Cp due to the twisting* 

The angle of inclination of a fiber as a result of the 
twisting is rep 1 so that the horizontal component of Cp 

is Op rtp ! and its direction is normal to r. These 

stresses produce a moment about the shear center of magni- 
tude 
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F * Op 

M Pcp 55 * 1 / r * *P d3? = * f *P Q / a~ r " dF = «P f P 1 SP 8 

where for briefness we have set the easily evaluated inte- 
gral 

F 

? t -7- ** « - i SP a o 

For a centrally acting force P, Mp^ = o*p Js where 

Jg is the polar moment of inertia of the cross section 
about the shear axis. The setting up of this moment Mp^ 

is the reason for the twisting aside of centrally com- 
pressed open sections. 

2« Horizontal components of Op due to the bending. - 

tfe denote the principal moments of inertia of the cross 
section "by and J £ , and the coordinates measured 

from the shear center m the direction of the axes of the 
principal axis of inertia by ns and £g. The remaining 
notation is indicated on figure 4« 

We split up the "bending moment due to the eccentric- 
ity of P into two components about the principal axes of 
inertia. The bending angle due to the bending about the 
r\ axis is 

dx J dx 2 ^ BJ^ 

The limits of this integral we leave undetermined 
since we shall later differentiate. The horizontal compo- 

dy 'n 

nents 0"p — A of <7p act m the direction of the £ axis, 

and produce about the shear center a torsional moment of 
magnitude 

* ton to« p2 ^OP 'HSP X 



In a similar manner we compute the torsional moment 
due the bending about the £ axis. For the total torsion- 
al moment due to the bending, we then obtain 
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where the expression in the parentheses is denoted by IU 

Due to the displacement of the center of gravity of 
the section as a result of the twisting about the shear 
center and also due ]to the "bending, the eccentricity of 
the load P varies along length of the member and thus 
additional tending moments arise* It may here he stated 
without proof that no moment ahout the shear center is pro- 
duced by those longitudinal stresses arising from the ad- 
ditional bonding moments and which correspond to a slight 
increaso in twist and bonding, but that the corresponding 
shear stresses, however, produce cross forces at the ^hear 
center which just balance the cross forces of the horizon- 
tal components discussed under paragraphs 1 and 2, so that 
in every respect there is equilibrium with the external 
forces, provided the condition 

is satisfied* 

We must still consider the very important case wher« 
the section is elastically supported against twisting, so 
that at every position there is exerted an external tor- 
sional moment M = ^ cp proportional to the twisting at 

this position and oppositely directed. Thus let ^ be 

given and assumed constant along the entire length of the 
member. Again considering the equilibrium at a cross sec- 
tion, we have the additional torsional moment 

X 

- M m =* / | cp dx 

If we now set 

% + ^bd = *W + U Pb - M m 

and differentiate with respect to x we obtain the dif- 
ferential equation of the twisting* 

<P MM S Cm + <P U (P isp 2 - 0 J?) + 9 I = ~ B (8) 
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The solutions of this differential equation are well 
known and we may therefore confine ourselves to the most 
important case occurring in practice namely, where the 
warping of the end sections of the member is not prevented. 
Let- the boundary condition "be" 

For x = 0 and x = L cp = 0 and cp H = 0 

We neglect at first the part llp^ due to the bending of 
the section, thus setting B = 0. „ If there is jio elastic 
support ~ = 0, the solution of the differential equation 

is ~ cpo sin ~ (<p 0 e= angle of twist in the middle), and 
L 

we obtain by substituting the buckling load P into ejqu^- 
tion (8) 



Where there is elastic support the computation shows 
(in a similar manner as for the usual elastically support- 
ed buckling rod) that one or more waves of deformation are 
formed according to the amount of elastic support and the 
length of the member. If we set the length of a wave equal 
to L/n, where n is an integer, so that qp = 

cp 0 sin, ~- t we obtain the buckling load 

2 

P = 1 ( G J T + E c M + -fir *) 'Oa) 

igp \ L n tt cp / 

Figure 5 shows the buckling "loads for different val- 
ues of n and L. Since a member always buckles with a 
number of waves corresponding to the minimum buckling load, 
the number of waves increases with* length of member and for 
very great lengths the buckling load becomes almost inde- 
pendent of the length of the member* For long member^s we 
obtain by differentiation of equation (9a) = OJ the 

wave lengths L x , corresponding to the minimum buckling 
loads 





(10) 



By substituting this value in equation (9a) we obtain 
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the magnitude of the buckling load (or, more accurately, 
the minimum buckling load) for Lis Li* 

For L = L x , only one wave is formed, so that 

If the load acting on the member is smaller than the 
buckling load given by this equation, there will be no 
twisting of the member (always assuming that B =*= 0). If* 
however, the load does attain this value, the member col- 
lapses abruptly as a result of the twisting (pure stabili- 
ty problem) . 

If we take into account the lateral bending of the 
member (B 4= 0) we are led to considerably more complicat- 
ed solutions. We obtain, m fact, four forms for the so- 
lution, according to whether or not the member is elastic- 
ally supported against twisting and whether P is small 
or already near the buckling load. These solutions show, 
however, that cp first becomes very large when P attains 
the value given by the previous equations - which value, 
therefore, we may also consider m this case as the buck- 
ling load. The eccentricity is taken into account by com- 
puting the value of igp from equation (7). 

We obtain, for example, for a nonelast ically supported 
member and for a large load P, the solution 



(Pi sp S -GJ T ) T 



[ kico s _w Ji sxn uj x+cos tu u|x(l-x) 
L sin U) L d 

(11) 

o,» = — -— — (na) 



E C 



We see that the buckling load is reached for uuL = n * 
from which we obtain the value of P given m equation 
(9). For smaller loads P, we may compute from equation 
(ll) the change m form and stress condition and thus deter- 
mine when the yield point of the material is reached and 
the member actually collapses. 
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We shall not consider the solutions for the other 
cases • 

It should he pointed out that for centrally loaded 
"buckling memhers there is no connection between the Eule- 
rian buckling and the twisting, the section is to be com- 
puted either for buckling (Eulerian) or twisting, according 
to which phenomenon corresponds to the smaller buckling 
load. For long members eccentrically loaded, it is possi- 
ble for the bending due to the eccentricity to become so 
large that the stress distribution in the middle of the 
member is considerably different from that at the ends. 
For this case we suggest that the stress distribution in 
the middle of the member be first computed without taking 
the twisting into account, and then this stress distribu- 
tion used as a basis for calculation of the twisting. 

In order to give an idea of the magnitude of these 
effects there are shown in table .1 the theoretical buck- 
ling loads for two duralumin sections of equal cross-sec- 
tional area F = 0«42 cm 2 and equal width of legs 3 cm. 
The sections are shown in figure 6. 



TABLE I 



Form of 

cro ss 
section 


1000 j t 


1000 c M 


imp 3 


Theoret ical 
a = o 


"buckling load 
- = 3 




cm* 


cm 6 


cm 3 


1=20 


40 


80 


20 


40 


80 


r 


0.695 


0.515 


3 


65 


63 


62 


86 


86 


86 


r 


. 540 


35,7 


4 


188 


73 


44 


218 


171 


171 



If such sections are used as spars for sheet metal 
beams so that tensile forces act laterally on it (refer- 
ence 5), back moments are produced during the twisting, 
the magnitude of which is proportional to the amount of 
twisting. If, for example, these sections are loaded lat- 
erally with a load of 1 kg/cm, j| = 3. The buckling loads 

of the members are given for this value, not taking the 
bending moments into account. It may be seen that now the 
section with the edges turned over is more favorable for 
all lengths since, according to equation (10a) , the value 
O^cL raises the buckling load, particularly when there is 
elastic support. 
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In order to show the large effect of eccentric load- 
ing on the buckling load, there is indicated in figure 7 
the ratio of the "buckling loads P for an angle loaded 
eccentrically in the plane of " symmetry (B = 0) to the 
buckling load P Q of the centrally loaded section. The 
nearer to the edge of the angle the force acts, the larger 
is tho buckling load until finally there is no question of 
twist ing. 

It should be further noted that m tests of compres- 
sively loaded sections set between parallel plates, the 
twisting likewise begins at the computed loads, but after 
the twisting no load acts on the legs so that the line of 
action of the compressive force moves toward the edge and 
thus a higher compressive force may be borne. The corre- 
sponding computation is relatively easy to make. 

If very thin-walled angles (or sections of similar 
cross section) are eccentrically loaded in such a manner 
that the legs are highly loaded while the edge is less 
loaded, then the phenomenon occurs of each leg buckling in 
opposite direction. (The profile thus does not twist.) 
This phenomenon is easily explained, though the necessary 
computation is difficult. The buckling load is smaller 
than would be the case if the section twisted. 

It may be remarked, finally, that only such sections 
tend to twist aside for which the value of C^d/isP 2 is 
small compared to the moment of inertia of the cross sec- 
tion.. (See equation 9.) Por other sections, provided the 
yield point, is not reached first, there occurs either Eu- 
lenan buckling or each leg buckles individually without 
the member as a whole twisting aside. If the legs of a 
U section are turned over they may be considered elastic- 
ally fixed, and with the aid of the preceding principles 
it is possible to compute at least approximately the twist- 
ing (buckling) of the leg. Por the computation of the 
buckling of legs that are not turned over, the methods of 
Timoschenko for rigidly fixed or entirely free plates may 
be employed (reference 6). 



Translation by S. Eeiss, 
National Advisory Committee 
for Aeronautics. 
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